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Beyond Free Lunch-Alternative Poverty Measures in Educational Research and Program Evaluation

Introduction
Poverty has long been linked to student achievement and comprehensive school reform (CSR) implementation (Adams, 1994; Grinion, 1999; Cooper, 1998) .
Most education studies use the simplest and most convenient measure of poverty: the percentage of a school's students who are eligible for free/reduced-price lunch. Although this measure provides a picture of the proportion of children who come from disadvantaged backgrounds, it also has some problems. First, it does not necessarily capture all relevant dimensions of poverty, such as the effects of concentrated poverty in a school's neighborhood and the neighborhood effects (Aaronson, 1997; Furstenberg & Hughes, 1997) . Second, the accuracy of this measure has been questioned because many eligible families do not apply, and some schools give free lunch to all students, regardless of their status. In addition, because children from families that are below 185% of the federal poverty level are eligible for free/reduced-price lunch, the actual median family incomes for two schools, both having 100% student eligibility, can be vastly different.
The objective of this paper is to examine four alternative poverty measures that quantify neighborhood disadvantage. The first measure, the Dissimilarity Index (Massey, Gross, & Eggers, 1990) , illustrates the intensity of concentrated poverty by calculating the proportion of poor families that would have to move to achieve an equal distribution of poor families in the school neighborhood. The Isolation Index (Massey & Danton, 1993) measures the extent to which poor families are likely to be in contact only with other poor families. In addition to these poverty-related indices, we created two other poverty measures based on census data: the poverty level of the school neighborhood and the percentage of single-parent households with children in the school neighborhood.
We will first test how closely these indices correlate with the percentage of children eligible for free/reduced-price lunch measure, and then we will explore the extent to which the negative relationship between poverty and student achievement holds when using these alternative poverty measures. In particular, to summarize, we seek answers to the following research questions in our quest to explore the robustness of census-based poverty measures:
Do the census-based poverty measures correlate with the free/reduced-price lunch measure?
Are census-based poverty measures negatively correlated to student achievement?
Are poverty measures significant predictors of student achievement when other factors related to student achievement are controlled for?
Can neighborhood effects be separated from school-level effects measured by the percentage of students eligible for free/reduced-price lunch?
How robust are the census-based poverty measures over time?
We explore the first two questions by conducting a simple correlational analysis, and we examine the last three questions by applying two-level hierarchical linear models (HLM).
Theoretical Framework
In this paper, we apply a "neighborhood effects" framework (Duncan, Connell, & Klebanov, 1997; ) that hinges upon the notion that the immediate geographic area (i.e. the neighborhood) where a person lives fundamentally molds that individual's life chances: his or her educational, social, and financial future. The consequences of neighborhood effects have been widely studied and connected to school achievement, educational attainment, teenage pregnancy, and dropout rates (Aaronson, 1998; Ainsworth, 2002; Brooks-Gunn, Duncan, Klebanov, & Sealand, 1993; Crowder and South, 2003; Dornbusch, Ritter, & Steinberg, 1991; Duncan, 1994; Garner & Raudenbush, 1991; Jargowsky, 1996; Newman & Harkness, 1999) . Neighborhood effects have been measured in numerous ways in these studies, from using individual socioeconomic characteristics to forming complex multidimensional indices. Most importantly, these studies have been able to show a neighborhood effect that is distinct from a family background effect. -Gunn et al. (1993) situate neighborhood effects within developmental psychology's concept of ecological models; an individual's development takes place across a series of social and environmental contexts (such as families, schools, and neighborhoods), all of which must be taken into account when examining that individual and his or her development. Researchers have theorized numerous explanations for how neighborhoods affect an individual's development. Collective socialization theories of neighborhood effects focus on the importance of role models and social networks in fostering positive social contributions (Jencks & Mayer, 1990) . Brooks-Gunn et al.'s (1993) analysis of neighborhood effects on various developmental outcomes suggested that high poverty neighborhoods' lack of affluent role models was producing more social problems than the presence of economically disadvantaged residents. The authors also found that the relationships between the effects of high poverty neighborhoods and childhood IQ, teenage births, and school dropout rates remained significant even when the analysis controlled for family socioeconomic characteristics. Dornbusch et al. (1991) analyzed data on socioeconomic and racial characteristics of six neighborhoods surrounding San Francisco schools and found that community factors were more important in predicting African-American students' high school achievement than family characteristics were.
Brooks
Researchers have also theorized numerous explanations for the effects of neighborhoods with highly concentrated poverty levels. Contagion theories emphasize how peer influences spread social problems across neighborhood populations similar to the way in which people's interaction with others spreads contagious diseases (Jencks & Mayer, 1990) . Building on these ideas, Crane (1991) posited an "epidemic" theory of spatial poverty. A subset of contagion theory, epidemic theory is based on the notion that in large cities, residents of neighborhoods with extreme or "epidemic" concentrations of poverty and social problems (areas that Crane characterized as "ghettos") are significantly more likely to develop social problems than residents in other poor, minority-dominated neighborhoods. Thus, neighborhood effects not only vary between poor and affluent communities but also between poor and abjectly poor communities. Concentrated poverty is assumed to amplify the effects of individual poverty: neighborhoods with a high concentration of poor individuals and families have a higher concentration of social ills, from unsafe streets to lack of economic opportunity, than more stable, middle class neighborhoods (Altshuler, Morrill, Wolman, & Mitchell, 1999) .
In this paper, we focus on both the level and concentration of neighborhood poverty as predictors of student achievement. We assume that poverty measures, especially when based on data from school neighborhoods, serve as appropriate proxies for neighborhood effects related to the neighborhoods' socioeconomic climate. Some of the most commonly mentioned consequences of highly concentrated spatial poverty are:
Lack of positive role models-Theories of collective socialization often examine role models' function in spreading socially positive behavior (Jencks & Mayer, 1990; Dietz, 2000; Wilson, 1987) among disadvantaged communities. With respect to education outcomes, the absence of role models may lower attendance rates, increase dropout rates, and decrease student achievement (Ainsworth, 2002; Crane, 1991) .
High concentration of nontraditional families-Single-parent households may have less school involvement and parental supervision (Altshuler et al., 1999) . With fewer parents available to watch over, guide, and interact with children, peer influences-including peer pressure toward unfavorable behavior-may have a stronger impact (Duncan, 1994) . Studies have indicated that adolescents raised in neighborhoods with large numbers of single-parent households are at greater risk of high school attrition (Flores, 2002) and antisocial behavior due to peer pressure (Steinberg, 1987 , cited in Crane, 1991 .
Lack of economic opportunities-The need to travel far from one's neighborhood for employment results in increased commuting time and hence less school involvement and parental supervision (Altshuler et al., 1999) . The Gautreaux housing experiment in Chicago, which offered a choice for public housing complex residents to move into another public housing complex or into an apartment located in the suburbs, clearly shows the importance of economic opportunities: children of families who moved to suburbs were more likely to be employed and had higher salaries than children of families who decided to move to another public housing complex located in the city.
Lack of empowerment- Wilson (1991) suggests that the high rates of joblessness and the weak connection to the labor force that characterize high poverty neighborhoods result in reduced feelings of empowerment or self-efficacy. Social cognitive theorists have argued that people's perceived self-efficacy, their belief in their ability to achieve goals and to affect events around them, determines the amount of effort and perseverance they will exert in the face of a challenge. Socially and economically marginalized groups living in concentrated poverty tend to feel less empowered to achieve common societal goals, and these feelings of low self-efficacy are reinforced by members of the neighborhood who share similar beliefs (Bandura, 1982 , cited in Wilson, 1991 . These feelings may cause parents to be less demanding concerning their children's needs and the needs of their children's schools (Orfield, 1998) .
Our goal is to explore whether the effects of a neighborhood's poverty level and the degree to which its poverty is spatially concentrated are related to student achievement. Most importantly, as other neighborhood effect studies have done, we will explore whether a neighborhood effect-separate from a family background effect-exists regarding student achievement.
Data
All data related to school characteristics are from the National Center for Education Statistics's Common Core of Data (CCD) database, but the sample of schools is limited to those included in the National Longitudinal Evaluation of Comprehensive School Reform (NLECSR). From all schools included in the study (N = 649), we have chosen schools located in seven large urban school districts; we could only include schools in urban areas where population density is high to create alternative census data-based poverty measures. Two of the school districts are located in the South, one in the Northeast, two in the Midwest, and one on the West Coast. In total, the sample for these analyses includes 352 schools.
The data are challenging for exploring the relationship between poverty and student achievement. Schools included in this sample have very poor (measured by eligibility for free/reduced-price lunch) and high minority student populations (see Table 1 ). In addition, these schools have student achievement scores that are on average about one-third of a standard deviation lower than the mean level of student achievement in their respective school districts. Because the sample is limited to high-poverty, lowachieving schools, the relationship between poverty and student achievement is more difficult to establish than if the sample were to include a range of schools more varied in poverty levels and student achievement. However, these data offer a great opportunity to test the suitability of neighborhood-based poverty measures. First, neighborhood-based measures can be created even if schools have not reported valid free/reduced-price lunch measures. Second, these measures are likely to be less skewed than the free/reduced-price lunch measure. Third, we assume that neighborhood effects related to spatially concentrated poverty not only magnify the effect of student-level or family poverty but also have their own negative effect on student achievement. The schools in this sample with high-poverty student populations are often located in high-poverty neighborhoods, which allows us to test this hypothesis. The alternative poverty measures used in these analyses are based on 2000 Census data (SFA-3 file). Using ArcGIS™ software by ESRI, we mapped block-group level census data to the areas surrounding the schools included in our seven districts. We defined a school's neighborhood to be the area covered by block groups that are fully or partially within a 1-kilometer radius of the school. The 1-kilometer radius was selected as a result of using two criteria: first, we wanted the school neighborhood to be small enough in size that it can be fully explored by walking; and second, we wanted to avoid having mostly overlapping school neighborhoods. 1 Once the schools' neighborhoods were defined and the census data were mapped onto these neighborhoods, we could create our alternative poverty measures.
School-level achievement data were collected for all schools included in the NLECSR study. We standardized school-level achievement scores within districts to have a mean of 0 and a standard deviation of 1 (z-scores). This procedure converts test scores based on different matrices and scales into a common scale.
2 The value in the new score matrix represents a school's position within its district relative to the district mean measured by the unit of district standard deviation, independent of the original scale. Thus, negative z-score values for schools' achievement levels indicate that these schools are ranked below the district achievement average, which is set at 0.
Methods
We use simple correlation analysis to find out how similar the percentage of children eligible for free/reduced-price lunch measure is to the alternative, neighborhood-based poverty measures. We expect our alternative measures to be highly correlated with the free/reduced-price lunch measure, but we also expect them to provide more robust school-level poverty measures. That is, these measures will not suffer from the large amount of missing data and inconsistency that stem from school-level differences in processes for reporting the number of free/reduced-price lunch eligible children. Moreover, the suggested neighborhood-based poverty measures more adequately incorporate consequences of geographically concentrated poverty. In addition, we explore the relationships between these poverty indices and school achievement by including the indices as control variables in cross-sectional (HLM) models for schoollevel achievement during the 2000-2001 school year. We include alternative poverty measures as controls both on their own and together with the free/reduced-price lunch measure to see their relative contributions, allowing us to separate school-level poverty effects from neighborhood-level poverty effects. We hypothesize that a separate neighborhood effect exists, especially for schools located in the most disadvantaged neighborhoods.
The main drawback of census-based poverty measures is the fact that full census data are collected and published only every 10 years. Although neighborhoods do not change overnight, significant changes do take place over the course of 10 years, and the student composition of schools is likely to change even faster. Therefore, it is important to see how well census-based poverty measures work for some years after the collection of census data. We will explore this question by predicting 2003 school-level student achievement using the poverty measures based on 2000 Census data.
Dependent Variables
Student achievement is measured at the school level using student achievement data from 1999 to 2003; it is calculated using z-scores for both English/language arts and mathematics.
Alternative Poverty Measures
The Dissimilarity and Isolation Indices are calculated based on 2000 Census block-group data for block groups located within a 1-kilometer radius around the school to capture the idea of a school's neighborhood. These poverty indices can be calculated only for schools located in areas with high population density (to calculate these measures, many census block groups need to be included in a school's neighborhood). More specifically, the indices are constructed as follows:
Where t i = total population of areal subunit (census bloc/tract) i p i = proportion of poor of areal subunit (census bloc/tract) i T = the population size of the whole geographic area (school neighborhood) j P = proportion of poor of the whole geographic area (school neighborhood) j N = number of areal subunits Index values range from 0 (no economic segregation) to 1 (complete economic segregation).
The Dissimilarity Index 3 describes what proportion of poor families would have to move to achieve an even socioeconomic distribution throughout a school neighborhood.
The Isolation Index
Where: t i = total population of areal subunit (census bloc) i x i = poor population of areal subunit (census bloc) i X = the sum of all poor for the whole geographic area (school neighborhood) N = number of areal subunits Index values range from 0 (no economic isolation) to 1 (complete economic isolation).
The Isolation Index describes the extent to which poor persons are likely to be in contact with members of this same group.
As a result, both the Dissimilarity and Isolation Indices, although based on poverty, measure different concepts related to a neighborhood's level of poverty. The small geographical size of a school neighborhood defined for this paper affects the value of these indices, because smaller neighborhoods tend to be more homogeneous than larger ones. 4 In addition, because our sample includes schools that are very high in poverty, it is likely that these schools are located in rather high poverty neighborhoods. Therefore, the values for the Dissimilarity Index may be rather low; that is, it is possible that the school neighborhoods as defined in this paper are homogeneously poor. For the same reason, the values of the Isolation Index may be high. However, the Dissimilarity and Isolation Indices' relationships to schoollevel student achievement are assumed to be negative: both indices are measures of neighborhoods' concentration of poverty, and we assume that higher levels of concentrated poverty are negatively related to student achievement.
The other neighborhood-based measures of poverty-the schools' neighborhood poverty level and percentage of single-parent households with children-are based on census data for block groups within the school neighborhoods. The poverty level is calculated by dividing the number of poor persons by the number of total persons in the school neighborhood. Similarly, the percentage of single-parent households with children is created by dividing the number of single-parent households with children by the total number of households in the school neighborhood. These two neighborhood-based measures are more similar to the free/reduced-price lunch measure: one is a direct measure of neighborhood poverty while the other is a proxy for childhood poverty/disadvantage. These alternative poverty measures are compared with the percentage of children eligible for free/reduced-price lunch, which was attained from the CCD database. This database also provided other school-level control variables, including schools' size, percentage of minority students, and studentteacher ratio. A measure of prior school-level student achievement is also included as a control variable.
Statistical Model
To take the multilevel nature of the data into account, we employed HLM methods. HLM estimates the variance of a dependent variable by the levels defined in the model and allows us to estimate the proportion of variance at each defined level. The model includes two levels: school and school district. The school district level is added in the model to correct for correlated school-level error terms, but due to the small number of districts included in the analysis, we do not include any district-level variables. Thus our model can be described as follows: γ 00 is the average intercept ν 0j is the normally distributed error term with a mean of 0
School-Level Model
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Results
Correlations Among Poverty Measures and Between Poverty Measures and Student Achievement
The free/reduced-price lunch measure is significantly and highly correlated with some, but not all, of the poverty measures based on census data (see Table 2 ). The poverty level for a school's neighborhood, the percentage of single-parent households, and the Isolation Index are all positively and highly significantly correlated with the free/reduced-price lunch variable (0.46, 0.33, and 0.44 levels of correlation, respectively). The Dissimilarity Index is negatively and surprisingly weakly related to the free/reducedprice lunch measure as well as all other poverty measures except the Isolation Index. The significance levels of these correlations are also rather low. These insignificant results, as was mentioned earlier, may be due to our definition of a school neighborhood and the sample of schools included in our data set. Table 2 also shows how the correlations between free/reduced-price lunch and the census-based poverty measures do decrease rapidly between 2000 and 2003, implying that schools change considerably over a short period of time. 5 The degree of correlation between the neighborhood poverty level (2000) and free/reduced-price lunch measure (2003), although still highly significant, has dropped from 0.46 to 0.29.
Similarly, the level of correlation between the free/reduced-price lunch measure and the percentage of single-parent households and Isolation Index decreases, from 0.33 to 0.13 and from 0.44 to 0.30, respectively. These correlations remain highly significant, except for the correlation between the percentage of single-parent households and the percentage of free/reduced-price lunch.
Although the level and significance of correlations among the different poverty measures fluctuate over time, the relationship of these measures to school-level student achievement is surprisingly robust. All poverty measures, except the Dissimilarity Index, are negatively and very significantly related to student achievement, both in 2000 and 2003. In addition, all poverty measures (except the Dissimilarity Index) have about the same level of correlation with student achievement, the Isolation Index constantly being a bit more closely correlated with it than the other measures. These results, together with the fact that the correlations between the free/reduced-price lunch measure and the census-based poverty measures fluctuate over time, offer weak support for the idea that the census-based poverty measures are capturing a different dimension of poverty.
Our preliminary correlation analysis offers encouraging results: three out of four poverty measures based on census data have negative, significant, and as high correlations with student achievement as the free/reduced-price lunch measure. In addition, although most of the alternative poverty measures are relatively highly correlated with the free/reduced-price lunch measure, it seems plausible that these measures capture a different dimension of poverty. We tested whether the census-based poverty measures work by running two different sets of HLM statistical models. The first set of models tests whether poverty measures significantly predict the level of student achievement in 2000 while controlling for other student achievement-related factors. The second set of models aims to separate individual/family poverty from neighborhood effects by including the free/reduced-price lunch measure together with the census-based poverty measure in the HLM.
Does Poverty Predict Student Achievement?
We ran separate achievement models for mathematics and reading because poverty measures work very differently with respect to mathematics and reading achievement: none of the poverty measures significantly predict the level of mathematics achievement in 2000-2001 (see Table 3 ). The level of mathematics achievement is consistently predicted by schools' percentage of minority students, size, student-teacher ratio, and previous mathematics achievement. School size and percentage of minority students are negatively related to the level of mathematics achievement, while student-teacher ratio is positively, but weakly, related to mathematics achievement. As discussed before, the fact that the sample includes only high poverty schools with high percentages of minority students and low achievement makes establishing the relationship between poverty measures and student achievement more challenging. However, it is also possible that mathematics is learned in a different way from reading, making poverty a less relevant predictor regarding mathematics achievement.
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The results for reading achievement are quite surprising. The free/reduced-price lunch measure is not significantly related to reading achievement, while the school neighborhood poverty level, the Isolation Index, and the percentage of single-parent households are negatively and significantly related to schools' level of reading achievement. What could cause the census-based poverty measures to outperform the free/reduced-price lunch measure? Again, one plausible explanation is the sample of schools used in the analysis. There is less variation in the free/reduced-price lunch measure than in the census-based poverty measures. Alternatively, the census-based poverty measures more adequately capture the dimensions of poverty related to low achievement: less parental time and oversight, lack of positive role models, and lack of parent advocacy.
When the free/reduced-price lunch measure is added to the models including census-based poverty measures, the results are very similar (see Table 4 ). The free/reduced-price lunch measure remains insignificant, while the percentage of single-parent households, the level of poverty in the school neighborhood, and the Isolation Index are still negatively and significantly related to student achievement in reading in 2000-2001. The census-based poverty measures seem to more robustly capture the level of poverty (neighborhood poverty level/single-parent households) than the free/reduced-price lunch measure. In addition, the Isolation Index measuring poverty concentration also proves to be important regarding student achievement. These results confirm our hunch that neighborhood-based poverty measures are better able to predict achievement, especially in a sample that includes only high poverty schools. These results also demonstrate the importance of neighborhood effects: the neighborhoods in which children live may not only amplify the effects of family poverty but also have an independent effect on student achievement. In particular, spatially concentrated poverty has been connected to several social ills, from lack of role models and parental oversight to nonexistent economic opportunities. The biggest drawback of the census-based poverty measures is the fact that census data are only collected every 10 years. Neighborhoods and especially schools are likely to undergo considerable changes over 10 years, making census-based poverty measures outdated. Therefore, it is important to start to assess how fast census-based measures lose their predictive power. The latest student achievement data that we have are for the year 2003, which is only a couple of years removed from the census data collection. If the predictive relationship has already disappeared, the census-based measures do not prove very useful in between the census data collections.
The cross-sectional models that predict school-level mathematics and reading achievement show interesting results (see Table 5 ). The free/reduced-price lunch measure significantly predicts achievement in both mathematics and reading. This is also true for the poverty level in the school neighborhood, but the association is much weaker. The Isolation Index has a significant and negative relationship to achievement, but the percentage of single-parent households has lost its predictive power. In general, the census-based poverty measures that quantify the level of poverty in a school neighborhood are doing less well, while the Isolation Index measuring concentration of poverty continues to have a strong relationship to achievement.
When the free/reduced-price lunch measure is added in the models including census-based poverty measures, it produces a significant result in every model (see Table 6 ). The poverty level of a school neighborhood has lost its statistical significance, implying that the level of poverty is better captured by the free/reduced-price lunch measure. However, the Isolation Index remains significant, further corroborating the idea that the concentration of poverty in a school neighborhood, in addition to the level of poverty, is an important predictor of student achievement. 
Discussion
The most commonly used poverty measure in education studies is the percentage of a school's students who are eligible for free/reduced-price lunch. This measure is not entirely reliable due to selection bias (some eligible families will not apply), inconsistencies in reporting, and school practices such as universal feeding. But more importantly, this measure does not adequately account for all effects related to poverty, particularly in urban school districts with neighborhoods of concentrated poverty. In these high poverty neighborhoods, the effects of individual and family-level poverty are amplified by the consequences associated with concentrated poverty: lack of positive role models, social norms against mainstream behavior, and lack of economic opportunities, among others.
This paper evaluated alternative census-based poverty measures that at least partially capture the negative effects of concentrated spatial poverty in school neighborhoods and tests whether these measures are related to student achievement. In particular, the Dissimilarity and Isolation Indices are measures of poverty concentration, while the school neighborhood's poverty level and percentage of single-parent households are more similar to the free/reduced-price lunch measure, being estimates of the level of poverty in the neighborhood and capturing neighborhood effects. These measures are not meant to be sole substitutes for the traditional free/reduced-price lunch measure; rather, they control for another dimension of poverty.
Our results are similar to those found by Datcher (1982) , Dornbusch et al. (1991) , and Aaronson (1998) , confirming that neighborhood factors are important predictors of education outcomes. Particularly, in this paper, census-based poverty measures that also capture dimensions of neighborhood effects are powerful predictors of student achievement (the exception being the Dissimilarity Index) for years in which census data were collected. When these poverty measures were added to HLM models together with the more traditional free/reduced-price lunch measure, they remained statistically significant while the free/reduced-price lunch measure was statistically insignificant. The poverty measures' effect sizes were also respectable at approximately 0.1 standard deviations. The results calculated with 2003 data show how the relationships between census-based poverty measures and student achievement have weakened, the exception being the Isolation Index, which still significantly predicted both mathematics and reading achievement, with and without the free/reduced-price lunch measure.
These results imply that in addition to individual or family-level dimensions of poverty, neighborhood poverty effects are important predictors of student achievement. Most children are still enrolled in schools located in their neighborhoods, 7 and the physical neighborhood and social institutions (or lack of social institutions) within them influence parents' and children's choices regarding education. Neighborhoods with negative peer pressure, lack of positive role models and parental oversight, and low levels of public safety tend to be neighborhoods with higher levels of concentrated poverty. These consequences associated with concentrated poverty are likely to amplify the effects of individual or family-level poverty and negatively affect children's lives and social outcomes, including educational attainment and achievement.
Several caveats have to be taken into account when the significance of these results is evaluated. First, the sample of schools used in this paper only includes high-poverty, low-achieving schools. Consequently, establishing a relationship between poverty and student achievement in general is a more difficult task than it would be if the sample were to include schools that were more heterogeneous in terms of poverty and student achievement. Thus, the results we have established here might (or might not) be more profound for another, more heterogeneous set of schools. In other words, the results presented here are not generalizable and might be quite different depending on the sample of schools used. Second, it is clear that the alternative census data-based measures suffer from a serious drawback: census data are collected only every 10 years. Although the results in this paper are very preliminary, it seems to be the case that these measures become outdated rather fast, the sole exception being the Isolation Index. Third, our definition of a school neighborhood affects its values for the Dissimilarity and Isolation Indices. We defined school neighborhood to include all census block groups that are fully or partially included within a 1-kilometer radius from a school. Thus, our neighborhoods are small and more likely to be homogeneous: more specifically, homogeneously poor.
Even when all of these caveats are acknowledged, the preliminary results presented in this paper are encouraging, and the topic deserves additional investigation.
Our plan is to further explore the validity of the census-based poverty measures in a heterogeneous sample that includes all schools in a large, urban school district. We will also have access to student-level achievement scores in addition to our school-level achievement data from 1999 to 2004.
